In this study, the basic microbiological and chemical properties of Turkish white cheese, containing 300 ppm, 500 ppm and 700 ppm sorbic acid and potassium sorbate, ripened in brine for 90-days at 4 ± 1℃ were investigated. Amount of sorbic acid and potassium sorbate added to the brine and ripening time had a significant impact on dry matter, fat, salt, salt in dry matter, titratable acidity, protein, water soluble nitrogen and the concentration of preservatives in cheese (p<0.01).During ripening, preservative diffusion to cheese significantly affected total aerobic mesophilic bacteria, coliform bacteria, and yeastmould counts of cheese (p<0.01). Results indicated that sorbic acid and potassium sorbate could successfully be used as preservative agents in production of white cheese.
Introduction
White cheese is widely consumed, and economically the most important, variety of traditional soft or semihard cheese in Turkey (Akin, Aydemir, Kocak, & Yildiz 2003) . White cheese is a brined cheese variety with 20-25% fat, with a typical salty and acidic taste. The cheese is rindless, whitecoloured and close-textured. It is generally produced by traditional methods from raw and heat-treated ewes' milk, or a blend of cows' and ewes' milk and mostly from cows' milk without a starter culture, and is much handled by the cheese makers. It can be consumed while fresh, but mostly ripened for a period of 3 months in brine. The ripening period can be extended to 12 months depending on the raw milk quality, method of cheesemaking and ripening temperature in order to produce an excellent flavour in the cheese (Turantas, Unluturk & Goktan 1989; Erkmen 1995 Erkmen , 1996 .
The microbiological quality of white cheeses can be influenced by numerous factors, including the quality of the milk, the use of heat treatment, various technological parameters, and the level or type(s) of microbial contamination that occur throughout the manufacturing and storage of the cheese. Turkish white cheese is produced under unmechanised or artisanal conditions in small dairy plants or on farms ("mandira", regional name for small-scale dairy plant) and private houses. Therefore, it is difficult to find a standard product with respect to composition and microbiological quality, since various types of microorganisms may contaminate the cheese during manufacture and subsequent handling (Turantas, Unluturk & Goktan 1989) .
Pasteurisation of the cheese milk, satisfactory improvement in the hygienic quality, and use of preservatives could minimize and/or prevent microbiological growth during manufacturing and storage.
Many studies have been reported on antimicrobial properties and uses of sorbic acid and potassium sorbate on the growth and survival some microorganisms, prolongation of keeping the quality and preventing mould formation and improving the appearance of different cheeses (El-safty, Mehanna, Nofal & Ismail 1978; Sofos & Busta 1981; Aworh & Egounlety 1985; Velkov, Kozhev, Paraskevov, Nikolov & Lordanov 1985; Lück 1990; Aly 1996) .
There are many researches related to the determination of chemical and microbiological quality of white cheese (Nizamlioglu, Yalcin & Tekinsen 1989; LitopoulouTzanetaki & Tzanetakis 1992; Tzanetakis, VafopoulouMastrojiannaki, & Litopoulou-Tzanetaki 1995; Volikakis, Biliaderis, Vamvakas, & Zerfiridis 2004; Oner, Karahan & Aloglu 2005) , however, there has been no detailed research on the use of sorbic acid and potassium sorbate to observe their effects on microbiological and chemical ripening profile in white cheese.
In the present study, investigating the influence of sorbic acid and potassium sorbate of three concentrations on the microbiological and chemical parameters of Turkish white cheese ripened in brine was aimed. In addition, for consumers' aspects, the diffusion of sorbic acid and potassium sorbate in cheese samples were determined using HPLC.
Materials and methods
Samples Raw bovine milk supplied from a local dairy plant (EKER Sut A. Ş., Bursa, Turkey).
The white cheese-making procedure is outlined in Fig. 1 . Experimental cheeses were made in a dairy plant, located in Bursa, Turkey. In each batch, seven lots of 8×500 g blocks were made, and each lot was covered with a different type of brine (120 g/l NaCl) as shown in Table 1 , sterilized at 121℃ for 5 min and stored at 4 ± 1℃ for 90 days.
Methods Sampling During cheese ripening were analysed for total mesophilic aerobic bacteria, total yeasts-moulds and coliform bacteria. Cheese samples were taken for microbiological enumeration and chemical analysis at 2 nd , 30 th , 60 th and 90 th days of ripening.
Microbiological analysis From each cheese type, 10 g cheese was transferred in to a sterile bag under aseptic conditions and homogenized in 90 mL of sterile physiological saline solution (0.85g 100 mL -1 ; TS 591 1995) for 2 min using a Lab-blender. Serial dilutions were prepared by adding l mL to 9 mL sterile physiological saline solution (0.1 g 100 mL -1
). Plate count agar (PCA, Oxoid, Basingstoke, England) was used for enumeration of Total Mesophilic Aerobic Bacteria (TMAB). Plates were incubated aerobically at 37℃ for 48 h. Coliform bacteria was counted on violet red bile agar (VRBA, Difco, Detroit, USA) and incubated at 35℃ for 24 h (Gurgun & Halkman 1988) . For the count of total yeasts-moulds, potato dextrose agar (PDA, Difco, Detroit, USA) was used and incubated aerobically at 20-27℃ for 5-7 days (Koburger & Marth 1984) . Microbiological colonies from the plates containing 30-300 colony-forming units (CFU) were counted and transformed to log 10 CFU/g.
Chemical analysis
The chemical composition of each sample was determined using the following standard methods: dry matter, salt by titration with AgNO 3 , titratable (Oysun 1996) , and ash content (Kurt, Cakmakci, & Caglar 1993) . Crude protein values were based on Kjeldahl nitrogen with a conversion factor of 6.38, as described by Kurt, Cakmakci, & Caglar (1993) and Ozgumus (1994) . The Water Soluble Nitrogen (WSN) was prepared essentially as described by Polychroniadou, Michaelidou, and Paschaloudis (1999) , using 20 g of cheese with 100 mL H 2 O. The mixture was homogenized for 5 min using an Ultraturrax IP 1842 model. WSN content of the cheese extracts was determined by the Kjeldahl method, using 10 ml of cheese extracts (Demirci & Gunduz 1991) .
Determination of diffusion of preservatives in cheese The cheese in each ripening time was well mixed and a 20 g analytical sample was taken from each for detection and determination the concentrations of sorbic acid and potassium sorbate. 25 mL of sodium hydroxide solution (0.1 M) were added to the cheese sample in a 100 mL volumetric flask, mixed well and placed in a water bath at 70℃ for 30 min. When cooled, the pH was adjusted to 8 by 1 N H 2 SO 4 . The fat and protein were precipitated by adding 2 mL each of potassium hexacyanoferrate trihydrate and zinc acetate solutions. After the precipitation, the mixture was shaken and allowed to stand for 15 min, after which 40 mL HPLC grade methanol was added and mixed. The mixture was then allowed to cool at room temperature and made up to 100 mL with methanol, and left to stand for 15 min, filtered through Whatman paper No. 1 and through a 0.45 µm membrane filter (International Dairy Federation 1987) .
The analysis was carried out using a HPLC apparatus equipped with a C18 column (Nova-Pak, 30 cm×3.9 mm i.d., 3 µm particle sizes) and a UV DAD detector. The mobile phase used consisted of 93% water, 7% acetic acid. The injection volume was 20 µL. The chromatogram was recorded for 15 min. The detection of sorbic acid and potassium sorbate was carried out at the wavelengths of maximum absorp- Statistical analysis In this study, the manufacturing and storage of white cheese samples were performed in triplicate and all analyses were performed in duplicate. Analysis of variance (ANOVA) using 99 % confidence intervals was run on each of the microbiological and chemical variables to disclose possible differences among the samples for the two factors "treatment" and "ripening time". All analyses were performed using the Minitab for Windows (Version 10) Statistical Software Package (Minitab Inc., State College, PA).
Results and Discussion
Raw milk composition The microbiological parameters and some of the chemical properties of standardized bovine milk used white cheese are given in Table 2 .
Microbiological properties of cheese Table 3 indicates evaluation of microbial growth throughout the ripening period of white cheese. In this study, the use of preservatives and the ripening time had a significant effect (p<0.01) on all parameters (Table 3) . In all samples, the numbers of TMAB decreased during ripening. Results indicated that the cheese sample B exhibited lower TMAB counts than other samples during ripening period. In the White cheese, the total mesophilic aerobic bacteria counts were not mentioned. Increasing the amount of sorbic acid in brine did not cause a decrease in TMAB counts. However, potassium sorbate of 700 ppm decreased TMAB counts significantly over 60 days ripening period. There are conflicting reports in the literature on the effect of sorbates on these bacteria. These differences, of course, emerge from the concentrations and test media used and the microorganisms tested (Weiss 1970; Ramanauskass 1971; Zaki, Mahmoud & Mousa 1972; Velkov, Kozhev, Paraskevov &. Lordanov 1985 ; Topal 1996; Aly 1996) .
Insignificant growth (<1 cfu/g cheese) was detected for coliform bacteria in all cheeses at any time of ripening. This is possibly a reflection of hygienic quality of the cheese processing and ripening environment. Similar results with white cheese were reported by Gursel, Tunail, Gursoy, Ergul & Aydar 1994, and Sahan, Konar & Kleeberger 1996. There have not been sufficient literatures about the antimicrobial effect of sorbic acid and potassium sorbate on growth of these organisms. The total counts of yeasts and moulds decreased throughout 90-day-ripening period. The yeast and moulds counts of sample B were lower than for the other samples during ripening period. The effects of increased sorbic acid and potassium sorbate were similar as determined for TMAB. The ability of yeast and moulds to metabolize sorbic acid is well established (Russell 1991; Plumridge, Hesse, Watson, Lowe, Stratford, & Archer 2004 ). The exact mechanism by which sorbic acid and its potassium salt inhibits microbial growth is not entirely understood. No single mechanism appears to explain the range of toxicity to various spoilage organisms. Sorbic acid, as being straight chain monocarboxylic fatty acid, inhibits the transport of carbohydrates into yeast cells, inhibits oxidative and fermentative assimilation, and uncouples oxidative phosphorylation in a variety of bacteria (Dorko, Ford, Baggett, Behling & Carman 1997; Ucuncu 1980; Oztek 1983; Kıvanc 1990) . Other mechanisms proposed appear to be related to the inability of molds to metabolize sorbic acid (Lindsay 1996) . These results were in support of the findings of Weiss 1970 , Ramanauskas 1971 , Zaki, Mahmoud & Mousa 1972 , Velkov, Kozhev, Paraskevov &. Lordanov 1985 , Aly 1996 . Goillou, Floros, & Cousin (1992 concluded that there was a synergistic action between NaCl, and potassium sorbate, which allowed good quality pickles to be produced when moderate amounts of all two were present in brine. In the present study the inhibitory effect on mould growth in the absence of sorbates may not only due to the high salt concentration (12%) but may also result from the ripening conditions that partially exclude oxygen.
Compositional and chemical properties of cheese
The effects of sorbic acid and potassium sorbate addition to the brine on the mean values of composition and chemical properties of white pickled cheeses during ripening are shown in Table 4 .
The sorbic acid and potassium sorbate contents of brines significantly (p<0.01) affected these parameters. The values were within the range no accepted for white cheese for which dry matter (DM) is minimum 40% (w/w) (TS 591 1995). Cheese in brine added 700 ppm sorbic acid had a higher dry matter content than the other cheeses (p<0.01).
The mean values of salt and salt in dry matter (SDM) of without preservatives and cheese added preservatives at different ripening times are given in Table 4 . Sample A had significantly (p<0.01) higher salt contents than preservativeadded cheeses during ripening period. Preservative addition (Table 4) showed lower SDM values compared to control.
The values obtained for salt and SDM levels were in agreement with brined cheeses of similar dry matter contents (Akbulut, Gonc, Kinik, Uysal, Akalın & Kavas 1996; Oysun, Gonc, Kinik, Uysal, Karagozlu & Dinkci 1997) . The salt in dry matter was within the limits prescribed for white cheese in White cheese (1995) , with a maximum of 10% (w/w) SDM.
The effects of preservatives on acidity values of white cheese are given in Table 4 . There were no significant (p<0.01) differences in acidity (as lactic acid) between sample A and others. These results agree with those reported by El-Safty, Mehanna, Nofal & Ismail 1978 . An increase in acidity is expected at the initial stages of ripening due to metabolism of residual lactose to lactic acid, followed by a reduction in the pH depending on the type of cheese (Fox 1996) . However, the ripening conditions may not be conductive to significant changes in the concentration of metabolites such as lactic acid and alkaline nitrogenous compounds that are responsible for changes in acidity. The restrictive effect of antimicrobial compounds on acidity has been shown in various studies (Mattson 1977; El-Safty, Mehanna, Nofal & Ismail 1978; Aly 1996) .
The protein contents were within the limits prescribed for white cheese in TS 591 (1995), which are 13.43% (w/w) total protein for high-quality white cheese (Table 4) . Protein contents were found to be significantly different (p<0.01) among seven cheeses during ripening (90 days). In the present study, protein contents were found higher than previous studies (Alpkent1993 ; Aydemir 1998 ). This might result from the differences of protein contents of raw milk.
The rate and extent of proteolysis in the cheeses monitored by measuring the levels of Water Soluble Nitrogen (WSN) during cheese ripening and storage are shown in Table 4 . In all cheeses the WSN level increased throughout ripening.
The mean values of milk fat of cheeses at different sampling times are given in Table 4 . It is clear that the milk fat Effect of Sorbic Acid and Potassium Sorbate on White Cheese values of cheeses stored in brines added sorbic acid and potassium sorbate were slightly higher than sample A throughout ripening. Similar findings were reported by Sahan (1996) .
The ash values of all samples usually increased during ripening, in accordance with the continuous increase of dry matter (Table 4) , being in agrrement with Kurdal (1989) . The mean value (as average) of ash of sample C was lower than other samples. It should be noted that the differences were significant (p<0.01).
The preservative level of sorbic acid and potassium sorbate into the cheeses during ripening was affected significantly with preservative content of the brine (p<0.01). When potassium sorbate was used at a concentration of 700 ppm, the preservative level was higher than for other samples. The results showed that added preservative remained in brine rather than diffusing into cheese. Generally the preservative levels of samples including potassium sorbate were higher than other samples, probably resulting from higher watersolubility of potassium sorbate.
Conclusion
The findings of current study showed that sorbic acid and potassium sorbate addition into cheese brine could be practical and favourable for manufacturing of Turkish white cheese. In many countries, sorbates are used in various food products, including brines and soft drinks, up to 0.1%. The variable levels of sorbic acid and potassium sorbate added by the cheese manufacturers state the erroenous application depending on unintentional addition of miscalculated or excess amounts. The use of sorbic acid and potassium sorbate should be well documented and controlled under world-wide regulations, and the preservatives should be used only as a means to control undesired microbiological growth, especially yeasts and moulds, at concentrations not exceeding the proper amount.
This study may help cheese makers to improve the microbiological and chemical quality of Turkish White cheese, and should encourage further research to evaluate overall characteristics of the cheese at all stages of ripening.
